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4. ABSTRACT

This report covers the work done during the second quarter of
the investigation for the U. S. Army Electronics Command. The
study is being conducted to determine the performance charac-
teristics and operational parameters for various metal-air
couples. The anode materials being examined are Al, Ba, Ca,
Mg, and Zn. They must discharge efficiently at any temper-
ature from -25SF to 125°F at rates from the 30 minute to 50
hour.

The most favorable system in watt-hour per pound performance
appears to be the zinc-air cell. During this quarter favor-
able high temperature discharge performance was obtained by
keeping air spacing to a minimum.

Some of the problem areas encountered have been loss of water
and excessive carbonation of the electrolyte at 1200 F. This
results in poor performance and decrease in shelf life.

Several methods for increasing activated shelf life at room
temperature have been studied. The most promising appears to
be the use of a "parasitic" drain across the cell terminals
to .delay flooding. At present, shelf life up to one month
has been achieved with minimal capacity loss.

The investigation of the magnesium. anode during this quarter
-has included a study of several electrolytes to determine com-
patibility with both electrodes. In all cases, best perform-
ance was obtained in a "free" electrolyte system.

The magnesium-air test cells, used only for exploratory stud-
ies, delivered specific energies of 50-55 Watt-hrs./lb. This
could be improved substantially by increasing the thickness of
the anode and decreasing the quantity of free electrolyte.

The investigation of calcium, aluminum, and barium air systems
is still in an early exploratory stage. Particular interest
however, is being given to calcium in an organic-aqueous elec-
trolyte with various corrosion inhibiting agents. It appears
that the air electrode will also function in this modified aque-
ous system.
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Preliminary ..- ' .or pure aluminum anodes is only moderately
favorable in KOH c' ctrolytescontaining ZnO. The use of al-
loys to decrease corrosion appears warranted.

Heat transfer by means of air convection has been studied o-
ver the entire temperature range (-25 to +120°F) for the 2C
through the C/50 rate of discharge. The testing units enL-
ployed the zinc-air couple, but the heat transfer and air con-
vection data are suitable for any r.-tal.-air battery design.
This experimental investigation also indicated tVat low tem-
perature bootstrap heating operation will be feasibJ.e for a
zinc-air battery.
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Body of Report

i.i Air ElectLrodeb

Several newly developed air electrodes were obtained for testing
during the second quarter of work. These were several Pt types
of activated electrodes made by Chem-Cell Corp. and American
Cyanamid Co., along with a Ag/Hg catalyzed air electrode also
made by American Cyanamid. The Americai Cyanamid electrodes
tested were basically the AB-4X Pt type electrodeswith a po-
rous Teflon wetting-control membrane pressed onto the active
surface.

Polarization characteristics for these electrodes were first de-
termined at room temperature in both KOH and Mg(CI0 4 )) electro-
lytes. The performance of the cathodes in these elecirolytes
were determined with the appropriate anodes, which were zinc and
magnesium respectively.

Work in the first quarter demonstrated that the American Cyanamid
air electrode, coded AB-4X and fabricated without flooding protec-
tion, delivered about one half of the capacity achieved with a
zinc-air couple using the YEC "FP" air electrode. Use of a cel-
lulosic wetting control membrane at room temperature inhibited the
flooding. The new American Cyanamid Pt electrodes provided pro-
tection against flooding. It can be seen from Figure 1 that these
electrodes (coded LBB-l, LAB-4X, LAB-4), deliver a full discharge
with a rinimum degradation in voltage due to flooding.

The American Cyanamid Ag/Hg electrode did not feature a wetting
control membrane, and initial experimental work showed that this
electrode exhibited higher polarization at room temperature than
did the FSC cathode. Microscopic examination of the AS/Hg elec-
trode showed an unusually thick layer of catalyst. Although this
would lengthen its life with respect to flooding and probably re-
crystalization effects, it impedes, however, the diffusion of ox-
ygen through the cathode to the catalyzing surface. The rate of
diffusion of oxygen to the electrolyte-cachode interface in re-
duced considerably at b*-iPr current densities. (See Figure 2). It
can be seen that the American Cyanamid silver electrode, coupled
with zinc, exhibited a cell voltage of 0.9 V. at a current densi-
ty of .5 A/in . as compared with the FSC electrode which gave a
current density of 1 A/in2 at the same voltage.

Performance date Sr the newer American Cyanamid cathodes have al-
so been obtained It Low temperature. Figure 3 shows that the dis-
charge characteristics at -300C are similar to the AB-4X platinum
electrodes. The air electrode polarized at a constant rate from
the beginning of the discharge and no plateau potential was evig

dent.

The platinum catalyzed air electrodes made by Chem-Cell Corp. were
constructed differently from either the American Cyanamid or FP
type of air electrode. They consisted of a fine burnished nickel
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screen, one sid-• of which was covered by a thin porous membrane.
the other side (the active side), contained the platinum catalyst.
Two loadings of platinum were tested, these were: 13 mg Pt/in-,
and 58 mg Pt/in2 . Figures 4s aid 5 show polarization and capacity
data, respectively, for the electrodes. No significant differ-
ences were observed between the high and low loading at moderate
current densities. It was further found that a cellulosic mem-
brane was not needed for flooding prevention on discharge. An
investigation of low temperature pp-rformance has been started but
not as yet completed.

A study of the American Cyanamid and Chem-Cell Corp. electrodes
in other electrolyte systems has also been initiated. Of partic-
ular interest is the performance data in perchlorate electrolytes,
which, to date, have been found the most suiccessful for the mag-
nesium-air couple with the YEC electrodes. It was found that the
American Cyanamid and Chem-Cell platinum electrodes exhibited poor
performance in the perchlorate solutions. Although the initial
polarization and discharge characteristics were comparable to
those of the FP electrode, the performance rapidly deteriorated
as a function cf discharge time and wet stand. Reference elec-
trode measurements verified that the air electrode was being po-
larized. The results are shown in Figure 6. It was observed
that after one discharge in perchlorate that the electrodes
(Chem-Cell and American Cyanamid) were no longer useable. That
is, the active material had been removed from the current carry-
ing screen on both types of electrodes.

5.2. Effect of Dry Stand on Air Electrode Performance

An investigation of how prolonged dry stand effects the FP and FSC
air electrodes has been started. The experimentation used in this
study was set up in the following manner: Polarization data were
taken on a zinc-air cell system using freshly prepared platinum
and silver catalyzed air electrodes. Each of these electrodes was
then washed clean of KOH, d:.ied, and put in a dust free container
which was left open to the atmosphere at room temperature. A third
electrode, an FSC type, was sealed in a polyethylene bag and placed
in the same container. After two months, all electrodes were again
tested as above. This experiment will be repeated on a two month
cycle for a period of one year. The data of the first test cycle
on this regime are displayed in Figure 7.

The activity of both electrodes after a prolonged stand had been
lowered. This effect is greater for the silver activated air elec-
trode. During a 50 hour rate discharge the cell voltage was re-
duced approximately by 10 percent of the original value. For the
FP electrodes, however, this reduction amounted to only three per-
cent. A minimum loss of activity on stand was found to occur on
the electrode stored in a sealed polyethylene container. No
increase in polrization of the air electrode at current densities
up to 500 mA/in was noticeable. The greater polarization obtained
at high current drains, above 500 fA/in2 , indicated a possible re-
duction in the activity of the silver, A more significant analy-
sis cannot be made until the testing progresses further. However,
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it does appj-.-i: - nat air electrodes will ,-i Lo.oe ti.ie'r activi-
ty in dry ciil during prolonged stand if they nre :3tored in
LuT. I "~ • • t U.... .I ,.•. C.A V^ -S. - .- .

Zinc-Air Cells

The experimental work for the development of a zinc-air battery
system has proceeded along several distinct and related courses
during the second quarter of work. !The first was to determine
performance after activation at Lig! 'emperature (120 0F). The
second was to complete tre experimental investigation of heat
transfer characteristics and air spacing as a function of tem-
perature and current density, from -25 to 125°F. Finally, the
first large size (25 Ampere-houx) cells have been assembled and
tested at several current densities at room temperature. The
above studies are detailed below:

S.3.1 High Tenpe- Pe: lo Ce Charac.eiL .ic

The test cell cases used for this high temperature experimenta-
tion were the same as those described in tIe first quarterly re-
port.

The test cells were fabricated with two layers of Pellon (2506K)
and one layer of cellulose adjacent to the cathode. They were
then activated with 31% KOH and placed in an oven. The data in
Figures 8 and 9 show that the cell characteristics immediately
after activation at. high temperature are equivalent to those ob-
tained at room temperature. It can seen that without the cel-
lulosic membrane, there were no f1( tendencies.

The electrolyte, 31% KOH, was choser two reasons. This con-
centration of KOH gives optimum performance at low temperature
because of its low resistivity and freezing point. Since a sin-
gle powe2" system is desired which performs throughout the entire
temperature range, it is desireable to keep cell fabrication con-
stant. Also, the solubility of ZnO in 31% KOH has been found by
Dirkse* to decrease at 120 0 F, whereas the solubility of ZnO in
higher concentrations increa.;es. This property is desirable be-
cause when the cell is cooled down to room temperature, less ZnO
precipitates on the surface of the cathode to impede oxygen re-
dui-ion. This will be discussed in Section 6.3.4.

5.3.2 Zinc Corrosion

The data in Fig.,,e .! illustrate discharge performance for zinc
electrodes containing : and 2% Hg at both the CI)' and C/50 rate.
The capacity at the -/-a "te is approximately c -ie half that at
the C/4 rate for the as.ode containing 1% Hg. This is partially

* Journal Electrochemical Society, p.159, 1959.
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due to 1:s. in capacity caw,;ed by the higher zinc corrosion
rat4,_.. !L; corrosion can almost be eliminated by increasing
Uhc hwercury percentage to 2-. This is evident by an increase
in tne capacity obtained for the cell discharging at the C/50
rate. At the C/4 rate a large improvement is not obtained be-
cause corrosion effects are less marked during short periods of
t.ine.

5.3.3 Air Flow Stoichiometr

The major loss in capacity at the 50 hour discharge is due to
carbonation of the air electrode, and loss of water from the
electrolyte by evaporation. Both are enhanced by the greater
quantity of air flowing passed the cathode surface relative to
the stoichiometric requirement at high temperature as compared
to room temperature values.

Two types of cell corfigurations showed poor perforn.ance: Cells
which were discharged with the air electrodes completely exposed
to the atmosphere, and cell systems which had the correct air
spacing for high discharge rates (i.e., .100"). Electrode carbo-
nation was noticeable as a white growth on the gas face of the
cathode. These crystals block the pores and cover the active
surface of the electrode, reducing the diffusion rate of oxygen
through the electrode to the catalytic surface. The removal of
water by evaporation increases the resistivity of the system and
results in a precipitation of ZnO on the active face of the air
electrode.

The incorporation of a cellulosic membrane with the separating
material adja(ent to the air electrode does somewhat minimize the
degradation of cell capacity resulting from the effects listed a-
bove. This can be seen in Figure 11 where all cells were fabri-
cated with a wetting control membrane and a 100 mil air spacing.
The cell with the optimum anode (2% Hg), delivered only 60-70 per-
cent of room temperature capacity at the 50 hour rate. It has been
found that minimizing carbonation and water loss enables the cell
to deliver full capacity. This is accomplished by controlling the
air flow past the air electrode (i.e., reducing the air spacing).

Figure 1] shows performance at the 2C, C, C/5 and C/50 discharge
rates for 7iinc-air cells with 100 mil spacing (at an ambient tem-
perature of 12-0"F). The capacities for the test cells at tne C/4
and higher rat' av-n aged 2 Ampere-hours. At the C/50 the capaci-
ty was 1.2 to 1_4 A-,pre-hours. By reducing the size of the air
vents from 100 to 25 mils (at the C/50 discharge rate), capacity
was considerably improved. These results are illustrated in Fig-
ure 12.

Work completed during the firs! q-,arter indicated that the criti-
cal air spacing, that is, the air spacing for which there is a con-
sirable voltage and capacity dependence, is in the range of 10 mils.
at the C/50 rate. The minimum air spacing for optimum cell per-
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formance is ýrnc which allows close to stoichioir!:tric- air flow
as requireci by the discharge, without increasing carbonation
and water loss or decreasing heat transfer.

The extension of this functional parameter to other discharge
rates and temperatures will be examined in the next quarterly
report.

,/.3.4 Effect of Activated Stand on CeVl lPformance

Data are presented which show tna' activated shelf life can be
increased by (1) incorporation of a cellulosic membrane adjacent
to the cathode, (2) sealing the cell from the atmosphere, and (3)
by use of a "parasitic" discharge drain.

The most severe conditions that an activated battery would have
to meet during a shelf stand would be at the high end of the tem-
perature range, that is, about 50 0 C. This is where performance
I greatly decreaseN

Exploratory work on activated shelf life has been started during
this quarter. Zinc-air cells wit.s FSC air electrodes were fabri-
cated, activated with 35% KOH, and placed in a controlled temper-
ature oven at 50 0 C. The separator system consisted of two layers
of 10 mil Pellon and one cellulosic membrane. The cells which
••?re not in sealed polyethylene bags had their air electrode faces
coupletely exposed to the air. A discharge after 24 hours showed
that the performance of the unprotected cells deteriorated quite
severely. At 1 Volt, the cell delivered only 100 mA/in2 , as com-
pared to 400-500 mA/in2 at one Volt obtained from the cell dis-
charged immediately after activation. The excessive polarization
was caused by evaporation of water from the electrolyte, which re-
sulted in drying out of the separating material, which in turn lead
to excessive carbonation. It can be seen from Figures 13 and 14
that the cells which were stored in sealed polyethylene bags main-
tained their original characteristics, except for a slight lower-
irng of the polarization curve.

When the cells were allowed to cool to room temperature after wet
stand at high temperature, the cell voltage and capacity were
greatly decreased. Frcm reference electrode measurements it was
fo-ind that the poor performance was associated with increased po-
larization on the cathode. During the high temperature wet stand,
the self discharge of the z~ic anode saturated the electrolyte
with zinc oxil- )n cooling, the solubility level was lowered e-
nough to cause prezipitation of ZnO in the pores of the air elec-
trode. Data give i in the literature- indicates that the concen-
tration of the zir.cat-- ophase in saturated solutions of ZnO in 31%
KOH has a smaller temperatuir-e dependence than in 35%KOH. Two cells
with the same construction were activated with 31 and 35 percent
KOH respectively. After a 48 t'.our wet stand at 50:C, the cells
were discharged. The data are presented in Table I. It can be
seen that decreasing the KOH concentration gives a higher limit-

* T. P. Dirkse: "Composition and Properties of Saturated Solu-
tions of ZnO in KOH; 5. Elec. Chem. Scc., V 106, 154-5. 5
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ing current a•e•e.3±y when the cell is cooled.

'TABLE I

KOH CONCENTRATION AT HIGH TEMPERATURE CURRENT DENSITIES
Given for cell voltage at one "Jolt

TEMPERATURE 31% KOH 35% KOH

50 0 C 295 mA/in2  310 mA/in2

25 0 C 130 mA/in2  25 mA/in2

It should be noted that data given in this Table are for short
duration wet stands of two days or less. At present it appears
that incorporation of the optimum methods of cell fabrication
which have just been discussed (i.e., 2% Hg amalgam, cellulosic
membrane, hermetic sealing, and 31% KOH), will not give a cell
which can maintain its initial properties for any longer periods
of time at elevated temperatures.

The good performance during a 50 hour discharge at 120°F already
illustrated indicates that cell capacity can be completely main-
tained for at least a two day period. Cell performance could
possibly be preserved for a longer period of time by the same-
method, simply by reducing the discharge rate. For a longer dis-
charge the air flow passage must be reduced to a value correspond-
ing to the current density.

In the first report it was postulated that the tendency to flood
on stand may be due to a formation of a thin film of Pt(OH) 2 or
Ag2 0 on the catalyst's surface at the reversible potential. Such
a film would have a hbiber wetability and would promote the pas-
sage of liquid through the cathode. Ou discharge, however, the
film would be redaced, so that the tendency to flood would be de-
creased. Bockris, et-al*, showed that platinum sheet developed an
oxide film immedialely after immersion in alkaline solutions. The
films were about -A thick. The thickness of the oxide was found
to increase to 1OA after about 20 hours at the rest potential. It
was further found -hat when the sheet was negatively polarized
about 50 mV, the .xide layer was reduced. Theoretically, then,
a cell discharging at the one year rate, would, after six months,
deliver about 50% of its original capacity at a voltage level e-

* Reversible Oxygen Electrodes, Report #12 USAEL, Dec., 1964.

Contract No. DA36-039SC-88921.
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quivalent to the one obtained immediately after activation. An in-
vestigation of this parasitic drain techniqae has been started and
will be completed next quarter. The results to date are presented

Two cells were fabricated- wit t r i c pl ainum
cathodes, 2 layers of Pellon (2506K) and one layer of cellulose
next to the air electrode. They wfr• activated with 31% KOH, and
a 12.5 mil air vent opening was used c allow only limited air
flow past the cathode. The cells were then subjected to a contin-
uous parasitic drain -f 0.4 Ir.A/in 2 (C200C rate) for one month.
Reference electrode measurements taken during this period showed
about 30 mV polarization on the air electrode. The cells were then
discharged at the C/4 rate and they yielded about 60% of the theo-
retical capacity with no decrease in voltage. In fact, the loss
in capacity corresponded to the consumption of zinc during the
parasitic drain. Further work will be done during the, next quarter
to determine the lowest current rate which will prevent flooding.
This value undoubtedly will also be a function of temperature. The
possibility that the mechanism involved in the reduction of flooding
is electrophoretic rather than electrochemical will also be investi-
gated.

Another technique for maintaining shelf life is to store the cell,
after activation, in a closed container which has been scrubbed free
of oxygen with nitrogen. For field operation however, this method
would last only till the time of the cells first use. After a par-
tial discharge, the cell can be returned to an equivalent dormant
state by sealing and then discharging it through a resistor until all
oxygen in the closed system is consumed.

5.3.5 Long Duration Discharges

Already discussed in the high temperature section was the fact that
full capacity at 50 0C can only be obtained by limiting air flow to
the minimum value essential to obtain the stoichiometric quantity of
air. This is particularly true at the C/50 rate discharge. Also, at
room temperature and 0C, the reduced air 'low results in a 5 to 10%
improvement in capacity. At lower temperatures (i.e., -30 0C), there
is no apparent improvement by keeping air flow to a minimum. Figure
15 shows 50 ho-L.. discharge performance for cells with the optimum cell
fabrication (a 10 mil air spacing), at various temperatures. It should
be noted that !he high and medium temperatures (+50, +25, O*C) work used
anodes with a Zi. dezsity of 2g/cm? and a 2% Hg amalgam. At -30 0 C the
zinc anode was pr -:sed lo a density of 1.8 g/cm3 and had been treated by
the C.W.T. method {described in the first quarterly report). The capaci-
ty improvement, at low temperature affected by this process at -300C is
shown in Figure 16.
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5.3.6 25 A.hr Zn-Air Cell

In anticipation of future breadboard models to be delivered at
the end of the contractual period, test cells of 25 hour capaci-
ty were fabricated. The zinc plate was utilized on both faces,
as opposed to the zinc plates in the original test cells, where
only one face of the zinc was discharged. The dimensions of the
active pack were:

Anode: l/Cell

4.75 x 6 x .046"

37.5 g. Zn/PLT + 2% Hg DOFL treated

Zn density = 1.8 g/cm3

Cathode: 2/Cell

Ag or Pt type

4.75"t x 6" x .010"

" Leads: 1 x 1/8" Ag TAB.

Separator: 2 Pellon bags (Pellon thickness = 10 mils).

Dimensions of Single Cell Pack.-.-

Thickness Weight

1 Zn .096 inch 45 grams

2 Air Electrodes .020 " 314

2 Pellon Bags -4o 4

.106 inch 83 grams

Electrolyte (31% KOH) 35 cm3 /cell = 46 -ram/cell

Cell Volume (Active Pack) = 4.75" x 6" x .106" = 3.02 in 3

Cell Weight (Active Pack) = .286 lb. (129 g).

The cell cases were constructed with .075 inch lucite material mak-
ing the total thickness of the individual cell about .125". Initial
work was done with single cell units. Lucite plates were attached to
each air electrode with a 100 mi] air spacing. Performance data as
a function of discharge rate for th2e 25 Ampere-hour cells using the
Chem-Cell Corp. platinum electrodes are shown in Figure 17. Dis-
charge data at high and low rates for the YEC FP and FSC air elec-
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trodes are illustrated in Figures 18 and 19.

It should be noted that these cells were run individually. To

ies. This was done to determine the thermal characteristics on
dcscharge. Tis particular phase uf study will be discussed
later in the heat transfer section. Table II gives energy den-
sity for FP and FSC electrodes a' • S and C/50 rate of dis-
charge.

TABLE II

ACTIVE PACK ENERGY DENSITY FOR 25 A.br CELLS

C C/50

FP 97 wh/lb. 9,2 wh/in3  115 wh/lb 10.9 ,,h/iin3

FSC 88 8.35 110 10.4

5.4 Magnesium-Air Cells

An investigation of the magnesium-air system has been initiated
during this quarter. The outstanding problems associated with
improving performance are: (1.) developing an electrolyte which
will minimize magnesium corrosion, (2) which is also compatible
with the cathode, and (3) which doe- not freeze at -25 0 F. To
date, one electrolyte which meets the first two requirements
has been found. The electrolyte and anode-cathode systems
studied are discussed in the following sections.

5.4.1 Magnesium Anode Corrosion

The polarization apparatus (described in the first quarterly re-
port), has been used during this quarter to measure corrosion
rates of magnesium in Mg(Cl0 4 ) 2 , Mg(Ac) 2 , and Mg(BrO3 )2 elec-
trolytes. This apparatus, with most of the accessories, is pic-
tured in Figure 20. It is designed to measure active material
utilization during the anodic polarization of a known quantity
of metal. The metal electrode under test is suspended on a
stainless steel shaft in the large anodization chamber. The ac-
tive face of -,is electrode is orientated toward the carbon cath-
ode in the opp, Aite smaller chamber. The auxiliary chamber, po-
sitioned at 60 -c the carbon cathode chamber, contains a refer-
ence electrode compatible with the particular electrolyte. The
discharge current Lz suppIitd by an outside constant current D.C.
power source and the anodiz potential is measured against the
reference electrode using a Leds & Northrup K-3 potentiometer.
An eudiometer (pictured to the lif, of the apparatus), measures
the volume of the gas evolved from the anode during the discharge.
The experimental test procedure is described below.

9



The anode material is first machined to a well defined area (- I%).
Then all edges not to be utilized during the anodization are coated
with Ppoxy, The dimensions of the active anode are 1 x 1 x .08 cm.
The magnesium anodes tested were, in all cases, were AZ61 . After

internal pressure is equilibrated to 760 nmoHg and the initial vol-
ume is recorded. A discharge current is then applied for a period
sufficient for the evolution of about twenty five cubic centimeters
of hydrogen. The total weight loss of the magnesium anode is cal-
culated as the sum of the applied and local corrosion currents.
The local corrosion current is determined from the volume of hydro-
gen which is the difference between the initial and final volume
readings. Both readings are taken after the equilibration of in-
ternal pressure to atmospheric pressurr. All potential readings
were measured against the standard calomel electrode,

Evaluation of the polarization data accrued by the above tech-
nique was done by computing the data in terms of corrosion current
density and coulombic efficiencies as a function of current densi-
ty. The corrosion current density is equal to the volume of hydro-
gen evolved at ambient temperature and pressure, divided by the
time of the test and the area of the anode, and multiplied by the
appropriate dimensional constant. The equation is given below:

Corrosion Current Density = (k) (A V)

S(•t)( A)

The coulombic efficiency is the applied current divided by the sum
of both the coulombic and corrosion currents. Table III gives
these data for the electrolyte tested. Corrosion current densities
for these electrolytes are shown in Figure 21.

TABLE III

ANODIC DISSOLUTION OF MAGNESIUM

Open Circuit
Corrosion APPLIED CURRENT DENSITIES

Electrolyte mA/in 2  64.wA//in--' 129 258 516 1032

Mg(CI0 4 ) 2  30 67% 66% 70% 70%

Mg(CI0 4 ) 2 & 17 NaCl 100 64% 67.3% 68.2% 70% 69.5%

Mg(Br0 3 ) 2 & 1% NaCl Not avail- 71% 76.87. 73.27.
able

Mg(Ac) 2 & 1% NaCl 5 62.4% 64% 71% 63.4% 60%
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The coulombic efficiency of the magnesium anode in 3N Mg(ClO4)2
is about 65-70% of theoretical, while for Mg(Ac) 2 , 3N, it is
about 60-65%. Although Mg(Ac) 2 has a poorer coulombic efficien-
cy, it is apparent that it has a substantially lower corrosion
rate at the reversible potential as compared with Mg(ClOj).
The 2N (M&(BrO 3 ) 2 solution gave coulombic efficiencies in the
range of 70-757.. However, in the experiment for the determina-
tion of the open circuit corrosion atee, the Mg(Br0 3 ) solution
dissolved the protective layer of potting, exposing ail sides of
the anode, thus increasing the total volume of hydrogen evolved
and therefore renidering the corrosion data invalid. This part-
icular experiment will be re-run during the next quarter of work.
It is expected that the O.C.V. corrosion rate of this electrolyte
will be in the range of that of Mg(Cl04 ) 2 since its pH is also in
that range. See Table IV belowt

TABLE 'IV

vH OF MAGNESIUM-AIR ELECTROLYTES

Electrolyte pH

3N Mg(Ac) 2  8.4

2N Mg(Br0 3 ) 2  6.7

3N Mg(C104 ) 2  6.0

The voltage-current density characteristics have also been deter-
mined for magnesium in the above electrolytes. The polarization
data are shown in Figure 22. The variation in voltage among the
electrolytes is small, except for magnesium in Mg(Ac) 2 at high
current densities. This could be explained by the low conductiv-
ity of this weak acid salt. Figure 23 shows the voltage-capacity
characteristics for magnesium in the various electrolytes tested.

5.4.2 Magnesium-Air Cell Tests

During the first quarter of work it was found that under the part-
icular test conditions the consumption of water by the magnesium
corrosion reaction dried out the cell system which resulted in
poor performance. The dry separator material undoubtedly inhi-
bited mechanical "washing" of the magnesium oxide from the sur-
face of the anode and therefore caused rapid polarization. During
this quarter a free electrolyte system was employed which elim-
inated this problem. In the test cells the spacing between the
opposing electrodes was set arbitrarily at 150". Controlled ex-
periments which will determine the optimum inter-electrode spacing
however, have not been finished yet.



The magnesium (free electrolyte) air test cells described above ex-
hibited several problems. One difficulty encountered was the grad-
ual polarization of the air electrode. This was particularly evid-
ent in the case of pure magnesium perchlorate electrolytes. It was

4 +'knA
4 -.. 4 4wýA4a+-Iir cGf4mv- a.+4-irad4eY% j + Vig Ynae rn c~i mn-

chlorate electrolyte, that a pulse of 50 mA/in2 gave a cell voltage
of 1.2 V. However, the voltage rapidly deteriorated to less than
.6 V. in a few minutes. Refererc& clectrode measurements showed
that the entire polarization was occ:arring on the air electrode. Ap-
parently this was a result of precipitation of Mg(OH) 2 in the pores.
Polarization was found to markedly decrea-e however, by introducing
a small percentage of NaCl to the supportir.g electrolyte. Figure
24 shows polarization data for a Mg-air cell activated with a
Mg(Cl04) 2 and NaCl electrolyte. The Mg(ClO )2 was 3 N and NaCl was
added to give a 1:5 ratio of C1 to Mg(Cl01)2. The data for 3 N
Mg(Cl0 4 )ý without NaCl showed that no plateau voltage was obtained
duiring discharge; this was due to rapid cell polarization. The cell
with NaCl , however, exhibited a fairly flat voltage plateau.

The electrolytes tested in the corrosion test were also studied in
magnesium-air cells. Polarization data at room temperature are giv-
en in Figure 25.

Discharge data for the Mg(BrO ) and Mg(Cl0 ), electrolytes are il-
lustrated in Figures 26 and 2•. Also includet in Figure 26 are dis-

charge data for a cell containing 3N LiBrO3 . A more complete in-
vestigation of the lithium salts, including LiClO4 will be conducted
during the next quarter of work.

The magnesium-air system which gave satisfactory performance at room
temperature did not operate in the low temperature region. A pre-
requisite for low temperature operation is that the electrolyte main-
tain fluidity at the low end of the temperature requirement (i.e.,
-25 0F). Five normal magnesium perchlorate and acetate solutions
with sodium chloride meet this requirement. However, a saturated
Mg(BrO3 )2 solution froze at -25 0 F.

A low temperature investigation of the Mg-air couple in perchlorate
has also indicated that its increased viscosity (see Table V) dras-
tically reduces the mobility of hydroxyl ions in the solution and/or
reduces the reversibility of one or both of the electrodes.

TABLE V

PI{! SIC.AL PROPERTIES OF Mg(ClO4)2 SOLUTIONS

Mg (C104 )2 Temperature Absolute Viscosity Density

3N 23CC 1.37 centipoises 1.4
4N 23 0 C 1.48 I 1.23
5N 230 C 1.76 " 1.30
5N -27 0 C 5.05 t 1.30

12
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During the next quarter of work polarization data will be obtained
at low temperatures for the magnesium and air electrodes in the ap-
paratus described in Section 5.4.1.

5.4.3 ,,ecifi Energy Caclat~ions4~ for the Mea-Air Syste

Approximate calculations of specific energy for the active mate-
rials used in this investigation were mode. The test cells util-
ized both sides of a 31 mil magnesium (AZ61) sheet. The individual
faces were 1.55 in 2 and the weight of magnesium discharged was
1.40 g. The volume of the electrolyte was 7.6 cm3 which weighed
9.0 g. Weight of air electrodes were 3.2 g. Therefore, the total
weight of the active components was 13.6 g. or .030 lb. Table VI
gives specific energy using the discharge performance from Figure
27.

TABLE VI

SPECIFIC ENERGY FOR M&-AIR TEST CELLS

I.D. Specific Energy

65 mA/in 2  55 Watt-hr./lb.

130 mA/in 2  51.5 Watt-hr./lb.

This data shows that the present construction does not appear favor-
able to achieve a high energy density system. Also, it should be
remembered that in comparison, the zinc-air watt.hr/lb. calculations
for the same size cell ge6metry gave over 150 watt.hrs./lb.

Two methods for improving thA performance will be investigated
next quarter. They are: (1) increasing the magnesium thickness
(i.e., weight) per cell and (2) reducing the volume of free elec-
trolyte. A double thickness of magnesium anode givinI a similar
discharge curve as shown in Figure 27 at the 65 mA/in rate, will
deliver a 101 watt-hr./lb. Adding to this the possible improvement
realized by a one-third reduction in the volume of electrolyte (100
mil inter-electrode separation instead of 150 mil), the watt.hr. ef-
ficiency for the active material becomes 140.

13



5.5 Aluminum Electrode

The search for an electrolyte which would be compatible with an
aluminum anode and an air electrode is under investigation in
ULLLQ jjAMC I.L U., PL 9 J.,L WS L&. L...~.~.L.L U"%; .L"LVW kO L.6G ~LU.JL~ L.L "% -

ing this quarter included a study of several aqueous electrolyte
systems. KOH solutions (25-35%) with various percentages of
NaAlO% and ZnO were tested. Sodium chloride and NH4Cl additives
to alkaline electrolytes were alzo studied. The complex ions of
aluminum and zinc improve the anodic dissolution properties of
aluminum while the chloride salts are added to prevent polariza-
tion on the cathode. A ternary electrolyte system consisting of
12% ZnC12, 15% LiCl, 8% NHhCl and 65% %20 was also examined.
The separator material use in these test cells was 3 folds of
absorbent Pellon wrapped around 99.9% purity aluminum anodes.
The cathode was the PP type. Table VII presents performance
data for these electrolyte systems.

The aqueous electrolyte solutions with K+ and OH- as the principle
ionic species (35% KOH) gave poor performance on discharge. In
this electrolyte no plateau voltage was obtained during moderate-
ly high rate discharges (i.e., C/4).

TABLE VII

PERFORMANCE OF VARIOUS ALUMINUM-AIR ELECTROLYTE SYSTEMS

Electrolyte Cell Voltage Capacity Withdram

(Aqueous Solution) (at I.D.=123mA/in2 ) (Amp.-hr./Cell•

35% KOH, 8% NaA1O2  .76

35% KOH, 4% NaAlO2  1.09 -

35% KOH, 4% Al02, 1% NaCl. .80 .05

25% KOH, 4% NaA10 2 , 3% NaCl 1.26 .15

35% KOH, 8% ZnO 1.00 .05

35% KOH, 4% ZnO 1.03 .06

20% KOH, 4% ZnO, 12% NaCl 1.15 .20

25% AlCl 3 , 4% NH 4Cl .58 -

12% ZnCl, 15% LiCl, o NHh4Cl .41 .10

14



The KOH-ZnO electrolyte--gave--a- scart plateau voltage during dis-
charge at the same rate. It was thought that the voltage plateau
obtained was due to zinc dischargif- at the surface of the alum-
inum. The zinc, of course, was formed-by replacenent plating
wi.LIf aluictLLIau. ToUN ut~eruLw-irte the al Ud A.yo LA1e UiJIJV-- &1Y IJPM.A=A.o0

pre- h--ultwinum -anodes -were--f-irst soaked in a zincate solu-
tion. The anodes.we-wiei-haft-er treatment -to determine the
quantity of zinc deposited. The electrodes.=were--then fabrLcated
into cells and activated with 35% KOH and 4%. ZnO electrolyte.
The cell voltages determined---as a function of discharge current
dens-ity-were--s-imi-lar to those recorded for zinc-aIr cell.s. The-
capacity of the length of the ditcharge-jplateau voltage was di-
rectly rel-at-ed to the amount of- z-inc -deposi-ted on the surface of
the aluminum. It was concluded that an aluminum-air cell using
a zincate additive in the electrolyte exhibited LAaitial perform-
ance that was characteristic of a zinc-air cell. However, after
the zinc was consumed the cell polarized quite rapidly.

Electrolytes tested which were more compatible with alumi:.um in-
cluded lower concentrations of KOH (25% KOH) with NaAlO 2 and
NaCl additives. Figure 28 illustrates the improvement in polari-
zation obtained by the reduction of KOH concentration and addi-
tion of NaCl. However, only 107. of the capacity requirement per
unit area of anode surface has been reached.

A moderately favorable electrolyte was the ternary system men-
tioned above. Although the air electrode gave poor polarization
characteristics in the electrolyte, the aluminum anode behavior
was more favorable than with the -alkaline electrolytes. Another

rawn advantage of this electrolyte is its relatively low pH.

The performance characteristics in aluminum-air cells might- be
improved by alloying. Attempts to obtain a.iminum allcys (-:oded
MRLAG and MEL 12226) prepared by Olin Mathies,-n for exploratory
studies have been unsuccessful. The iauportant component of these
alloys is .1 to .27 tin. During the next quart',r additional at-
tempts will be made to obtain the above alloys.

Investigation of a free electrolyte system for aluminum as op-
posed to cells using a bibulous separator material will be done
during the third quarter. This alteratioi. in the physical struc-
ture could,, as in the case of Mg-air, greatly improve the per-
formance. In conjunction with this possible improvement, gassing
rates and polarization data in free electrolyte will be studied
using the polarization apparatus previously described.



Barium Electrode

A limited study of the barium anode is scheduled for the third
quarter, Zarium strips of 20 mil thickness have Just been ob-
tained from Pfizer Metals Co.

At present the feasibility of a barium-air system based on the
studies conducted during the first quarter appears quite unfa-
vorable. Extremely high gassing rates were evident in high pH
solutions (357. KOH), even with ZnO2 and CrO4M inhibitors.

The study oZ barium during this quarter will include varicus al-
coholic-KOR solutions with various inhibitors to reduce electrode
gassing. Possible decreases in gassing rate by surface anneal-
ing of barium will also be investigated.

16



Calcium Electrode-

The preliminary investigation of calcium, conducted during the
first quarter, indicated that the use of uninhibited alkaline
electrolytes was not feasible. In such a media the calcium

ization.

A more intensive investigation of this anode is scheduled for the
third quarter. This study will include predominantly inhibited
electrolyte systems with relatively low alkalinity. The chief
problem encountered with this approach will be compatibility with
the air electrode. The cthode must have a partially aqueous
media for efficient reduction of oxygen. Since calcium has such
a high electro-negativity, it will react with almo3t any aqueous
electrolyte. At present it is known that solutions that contain
a miscible organic solvent and water reduce the gassing rate witn-
out seriously damaging the air electrode performance. This cor-
rosion might be further reduced by increasing the overpotential
of hydrogen on the anode by alloying with other metals. Calcium
sheets with 17. alloysof tin, zinc and lead have been ordered from
Pfizer Metals Co. They will be examined in electrolytes found to
be the most compatible ifth both electrodes.

17



5.8 Metal-Air Battery System

During the first quarter, studies were begun to establish the best
design parameters for a multi-cell meta -air battery. The most
important parameters are the spacing between the air electrodes of
adjacent cells and the particular cell geometry (i.e., surface area
of cathode exposed to the air). It is these dimensions which dic-
tate the rate of air flow past the air electrodes.

At very low rates an adequate supply of oxygen can be supplied by
diffusion. The upper rate for the diffusional supply of oxygen
is dependent upon the physical config6.ration of the battery. At
discharge rates which consume oxygen faster than this upper limit
for diffusion, air convection flow resulting from temperature rise
is desirable. This convection will supply fresh air to the cathode.
The limiting temperatwu'e rise for a particular cell configuration
in a battery will be a function of the inter-dependence between cell
voltage, air spacing and curreat density.

At present some consideration ba been given to the design for the
exploratory development battery. With regard to air flow, the most
favorable method for adjusti'g air flow will be by mannally control-
ling the vent port for the battery. The individual cell cases woUd
be permanently fastened in position with an inter-cell spacing suf-
ficient to allow for an adequate air flow at the highest discharge
rate.

At the highest zate of discharge the air ports would be opened to
the maximum position. For other discharge rates and ambient temper-
atures, the air ports would be adjusted to give optimum performance.
For example, at low discharge rates with negligible battery temper-
ature rise, the air supply would be kept to the miniym)m amount ne-
cessary to maintain the maximum voltage. This would be accomplished
by having the vent ports opened to the minimum apertureŽ. The neces-
sity-of this has already been discussed in the high temperature work
described in section 5.3.1. For a high rate discharge at low temper-
ature, air vent control is necessary for "bootstrap" operation. This
would consist of briefly short circuiting the battery terminals with
air ports adjusted to maintain the highest current at a minimum volt-
age. Once this ol<ration has increased the internal temperature of
the battery, the air ports are opened completely and the unit is
ready to supply the desired energy.

5.8.1 Air Flow Requirements

The first quarterly report detailed the experimental procedure used
to determine cell discharge performance as a function of air flow.
Briefly, the investigation consisted of discharging test cells with
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12.5, 25. 50 and iOO mil wide apprtures. The sides of the cells
were sealed to allow only vertical air flow. The temperature rise
of the cell was i.onitored by a thermocouple. The cell packs for
these experiments used low density zinc anodes (27 Hg amalgvm for
high temperature and C.W.T. treated for low tewpe&ature), 20 mlu
absorbent polyamide separator, and an FP cathode. They were ac-
6- 4 .a-4--A .. ,+- '-1. 1 -L vrtW qfl.rau . ut ~
PI.4J. EX"L WIU I ZIII -ut at -s. St~lk%& n~&% Wf

temperature and 32 0 F. At 120 and -25OF only the test cells with
100 mil wide air vents were discharged. During the C/50 rate dis-
charge at high temperature, however, 12.5 mil wide spacing was ne-
cessary to obtain full capacity.

Cell perfofnance as a function of air flow has not been fully anal-
yzed yet. After air flow data has been obtained--for- the larger
25 Ampere-hour Zinc-air cells, a complete analysiE will be pre-
sente'd. This study will. probably be completed during the third
quarter of work.

He* flow calculations have been completed fir four temperatures.
The computations consisted of determining the K-value in the sim-
plified heat transfer equation for small vertical surfaces. The
equation,

hc - k (,& T T

L

where:

hc = B.t.u./hr.fL
2

t = Temperature difference between vertical surface
and fluid in degrees Farenheit.

1 1
L Lvert Lhorz

where:

Lvert is the vertical length and Lhoriz is the horizontal

length in feet.

K = A dimensi, hal constant dependent upon the viscosity,
density, specific heat and conductivity of the sur- J

rounding fluid,

gives the-heat-flow from a vert-ioal surface as a function of temper-
ature rise and plate dimensions to a surrounding fluid at constant
temperature. For air at room temperature and ambient pressure, K
is .29. This, however$ is for a single vertical surface, whereas
the test cells used consisted of two adjacent surfaces at a spacing

4
_ _ _ _ _-- ~= ~ - .-



of 100 mils. This restriction makes the above K value invalid. Con-
sequently, instead of calculating the- hc v&Iue from temperature
data, th* hc value vas- calculated from the-plateau voltage during

S~ diacharl& at a particular..disodhm, ge rat-e. Thi-s was then substituted

into the given heat flow equation to calculate the K values. The
results ýf these calculations are given in Table VIII.

Ambient h T
Temperature Discharge Rate

oF B*TslnZ .o./lhr.ft 2 • F K AveIWAe K

"120 820 185 58 .74 )

120 410 33.5 12 .79 ) .72-
S~)

120 164 12.4 6.3 .65 )

75 820 140 54 .52 )S~)
75 410 110 4C 6 ) .63

S~)
75 164 13.5 5.5 .81 )

75 16 1.1 Negligible temper-
ature rise.

0 820 182 47 .8O )
)

0 410 92 31 .68 ) .73
)

0 169 67 18 .71 )

-25 820 260 62 .82 )
)

-25 410 Not available ) .77
)

-25 164 24.6 12 .72 )

The. significance of K is that it represents the heat transmission
from the heated system to the cooler ambi4ent fluid. A relatively
high K value means that a system, for a given temperature differ-
ence with respect to the ambient will transfer heat to the ambi-
ent at a relatively high-rate. Figure 29 gives the theoretical
and experimental K value as a function of the temperatue of the
surrounding fluid.
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It can be seen that the dissipation of heat- to the-surroundings
increaget-ab the- ambient temperature is reduoe-.- This functional
theere--ical dependeee--is-also followed-by.-the-eclperimental data
obtained. The first interpretation of the data-with a view towards
dev*1epwwt--of-.a full size metal-air battery-, is that some dif-
fiCtII1 HAR MAy V-epra~ebosrpoea
tion. However, the increased inef-ficiency on di-scharge at low
temperature, resulting from higher polarization at both electrodes,
(1 2 R heating) will result in a greater build-up of heat in the bat-
tery.

Modifications of bootstrap heating were partially discussed in the
previous section. Decreasing the air flow to increase the inef-
ficiency of the discharge was one-method suggested for increasing
the heat generation rate. The principles of this tecnnique are
illustrated in Figure 30 which shows discharge characteristics for
various air vents at a discharge rate of 820 mA/in 2 . This rate ap-
proaches in magnitude the short circuit discharge current. Also
shoma- are the temperatures of the active packs during discharge.
The discharge run at O°C shows some effect of bootstrap operation.
Initially, the cell with a 50 mil wide vent port gave a cell volt-
age of .5 V. as compared with a voltage of .8 V. for a cell with a
100 mil aperture. Within 10 minutes, the voltage of the cell with
the smaller vent had risen to the same value as the cell with the
largest opening. At this point its temperature was 18 0 C compared
to 10 0 C for the 100 mil spacing. This indicates that a more re-
stricted air flow is accompanied by a higher temperature rise. How-
ever, there is a limit to which temperature rise is accompanied by
"a simultaneous voltage-rise. For instance, it has been found that
"a cell with a 25 mil spacing discharging at 820 mA/in 2 increased in
temperature to 25 0 C after two minutes (about 6% of the zinc anode
capacity was utilized during this time). The cell voltage improve-
ment accompanying this temperature rise was less than one-tenth of
a Volt. If the air aperture had been increased 100 mils after the
initial two-minute neating period, the cell discharge performance
probably would have been equivalent to the room temperature dis-
charge.
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6. Program for the Third Quarter

6.1 Zn-Air

Investigate heat transfer characteristics for larger size zinc-
air cells (25 AH capacity) and correlate this data with heat trans-
fer data obtained from the smaller (2.5 AH) test cells.

Determine maximum voltage-current density characteristics fot these
larger units.

Start multi-cell battery tests.

Determine applicability of parasitic drain techniques for long ac-
tivated shelf life. Special emphasis will be given to high temper-
ature storage (125°F).

6.2 Mg-Air

The emphasis during the next quarter will be to determine corro-
sion Tates and material utilization for magnesium Mg(ClO ) ,
Mg•Ac) 2 and Mg(BrO ) . Other perchlorate salts, i.e., a~lO;4and LiCl04 , which ex•.ibit the lowest freezing solubility point,
will be included in this investigation.

Polarization data for both the magnesium anode and air cathode will
be studied as a function of the amount of dissolved anodic material
per unit vo].ume of electrolyte.

Based on the above findings, Mg-Air cells will be constructed which
will give the maximum watt-hour/lb. efficiency. These cells will
be tested over the current density and temperature range of 2C to
C/50 and 1250F to -25 0 F.

6.3 Ca-Air

Calcium anode behavior will be examined in organic-aqueous solutions.
Special electrolyte additives, including ammonium and lithium salts,
will be tested.

The *rga -niC-aqueous media will include alcoholic-KOH solutions and
alcoholic xmnoniacal salt solutions.

Calcium alloys c. 2ntaining Zn, Sn, and Pb. now on order from Pfizer
Metals Co., will be prepared for testing in the electrolytes found
most compatible with pure Ca and the air electrode. An investiga-
tion of anodic corrosion rates for the calcium alloys in the various
electrolytes is also planned.

6.4 Al-Air

Incorporation of a free electrolyte system will be examined. The
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e-1ee-trIvtes- wIll include those which at present appear most favor-
able. lhe investigation will include determination of corrosion
and polarization characteristics.

6.5 Ba-Air

Electrolyte systems similar to the group tested on calcium will be
examined in barium-air cells.

Possible improvement by annealing the Ba sheets will be investigated.
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7 ° APPENDIX

LIST oF KEY XERSONNEL

No, of Hours

Dr. G. A. Dalin - Director of Researh-, -AVP. 35

"Allen Charkey - Project Engineer- 230

Raymexnd -Blossom- - Chemist 516

D, B. Smit-h - Technician 521

M. Vasu - Technician 490
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FIGURE 20

POLARIZATION APPARATUS



cu

0--.

0 a

8 I
f4P4C N

in= ,vfm wam UCu=:



C)Jo

rd4

5ctlgi cu OJ

@030 o

C'-4

CAI

/ii

cu cc c

f2

ozooo *RAROUIA Ra



0 00a

r4-

.1.4

L'** LS MW W



P4 1 m

y~ CY

~% ~%0 4

6 t Iceo E0

*oU0coODC 0

ZVUA /



'UN

/ t

'I o crr0/
00 0j cu

4-

I ý6

00

0Y 0 o cu

Z2Y4'IA TED



04 4

40% _

r4

u-I

I Im

0 '0

1- 4 '4 r u 0 0

loVWiO TED



-H .0

0 cr44

Y1*~ f-I

AI~

04r

L42

-t

loVL'ioti TUD



co -4

CM;
u'4u'

In

0 OD * ,

999UP 4'*14



88

I.u
r8 u

Ic
A1

+l

4.0
'4r

a4. u

ONGot

b.( / ft'4oqou~l

swzgza 2mzlau STALW *



* *S 0 0 V

ir (n ckj r-4 0

0 0~f

0003

%13

N lii
r40

scum&'IO TMD



Security Class;f~c.:t,,..
DOCUMENT CONTROL DATA - R&D

(Security clacassfication ot title bcdy of absttect and indexing annotation muat be entered when ihe oer,"'....i ;" ::- c ...Jlt;ted)

I ORIGINATING ACTIVITY (Corporate author) 2a RCPORT SECURITY C LASSIFtCATiON

Yardney Electric Corporation -Unclassified

N~u York 2b GROup

New York
3 REPORT TITLE

DEVEZOPMENT OF THE HIGH RATE 1.ETAL-AIR DEPOLARIZED BATTERIES

4 DESCRIPTIVE NOTES (Type of report and inclusive dates)

(aarterly - . October 1965 - 31 December 1965
S AUTHOR(S) tLaat name. firt name, initial)

Charkey, Allen
6 REPORT DATE 70 TOTAL NO. OF PAGES 7b. NO. OF REFS

a- 1966 56 1
Be. CdATRACT OR GRANT NO. 941 ORIGINATOR'S REPORT NUMBEP(S)

DA 28-013 AMc-01614(E)
b PROJECT NO. iCO 14501 A 34A

c Task No. -00 9b. OTHER REPORT NO(S) (Any oth•o.nb.re that may b* aenianiidhis report)

d. Subtask No. -08 OM-061]-2
10. A V A IL ABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Commanding General
U.S. Army Electronics Command
Fort Monmouth, N.J. AWTN: AMSEL-KL-PD

13. ABSTRACT

This report covers the work done during the second quarter of the investi-
gation for the U.S. Army Electronics Command. The study is being conducted to
determine the performance characteristics and operational parameters for various
metal-air couples. The anode materials being examined are Al, Ba, Ca, Mg6 and
Zn. They must discharge efficiently at any temperature from -25°F to 1256F at
rates from the 30 minute to 50 hour.

The most favorable system in watt-hour per pound performance appears to be
the zinc-air cell. During this quarter favorable high temperature discharge
performance was obtained by keeping air spacing to a minimum.

Some of the problem arcis encountered have been loss of water and excessive
carbonation of the electrolyze at 1200 F. This results in poor performance and
decrease in shelf life.

Several methods for increasing activated shelf life at room tempermture
have been studied. The most promising appears to be the use of a "parasitic"
drain across the cell terminals to delay flooding. At present, shelf life up
to one month has been achieved with minimal capacity loss.

The investigation of -he magnesium anode during this quarter has included
a study of sevell electrolytes to determine compatibility with both electrodes.
In all cases, best performance was obtained in a "free" electrolyte system.

The magnesium-air test cells, used only for exploratory studies, delivered
specific energies of 50-55 Watt-hrs./lb. This could be improved substantially
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by increasing the thickness of the anode and decreasing the quantity of free
electrolyte.

The investigation of calcium, aluminum, and barium air systems is still
in an early exploratory stage. Particular interest however, is being given to
calcium in an organic-aqueous electrolyte with various corrosion inhibiting
agents. It appears that the air electrode will also function in this modified
aqueous system.

Preliminary data for pure aluminum anodes is only moderately favorable
in KOH electrolytes containing ZnO. The use of alloys to decrease corrosion
appears warranted.

Heat transfer by means of air convection has been studied over the
entire temperature range (-25 to +125°F) for the 2C through the C/50 rate of
discharge. The testing units employed the zinc-air couple, but the heat
transfer and air convection data are suitable for any metal-air battery
design. This experimental investigation also indicated that low temperature
bootstrap heating operation will be feasible for a zinc-air battery. (Author)
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